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METHOD OF MANUFACTURE OF POLYACROLEIN 



This invention relates to a method of manufacture of poiyacroiein and, in particular, 
to a method of manufacture of poiyacroiein for use in antimicrobial compositions. 

5 

Background 

The use of poiyacroiein in antimicrobial applications has been described in U.S. 
Patent 5,290,894, Australian Application 11686/95 and its European counterpart EP 
667358, In our International patent publication WO 96/38186 (PCT/AU96/00328) 
10 and more recentiy we have described a method of improving the activity of acrolein 
polymers in our International patent publication WO 01/60874 (PCT/AUOO/00107). 

Many of the most stable compositions of poiyacroiein for use as antimicrobials are 
formed by heating the polymer in air. Indeed Australian Application No 11686/85 
15 (Werle et al assigned to Degussa) teaches that only those preparations dried using 
the process of the invention described therein with strong air current and final air 
temperatures of >60°C, preferably at 75°C are alkali soluble. 

Our International Publication WO 01/60874 describes a method of improving 
20 antimicrobial activity of acrolein polymers in which the solid polymers are oxidized 
in air and the oxidized polymers are heated in an alcohol solution in the presence of 
added alkali. The presence of carboxylic acid groups formed by oxidation in air is 
believed to improve the solubility of poiyacroiein compositions. We have now found 
that poiyacroiein polymer of high solubility; antimicrobial activity and stability may 
25 be formed without the requirement for this aerial oxidation step. 

Summary 

Accordingly, the present invention provides a method of manufacture of soluble, 
microbiologically active and stable poiyacroiein comprising: (a) polymerising 
30 acrolein in the presence of base to form a polymer of acrolein; (b) dissolving the 
polymer of acrolein in an alcohol selected from monoalcohols and polyols, 
optionally with addition of water to form an alcohol solution of the polymer of 
acrolein; (c) heating the alcohol solution of acrolein; and (d) mixing aqueous base 
with the polymer of acrolein. 
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It is preferred that the aqueous base is mixed with the alcohol solution of- the 
polymer of acrolein after heating of the alcohol solution of the polymer of acrolein. 

The addition of base after heating, as opposed to before heating, is preferred as the 
5 addition of base after formulation affords solutions which maintain their bioc^idal 
activity for long periods upon storage. 

The alcohol solution of the polymer of acrolein is preferably heated for sufficient 
time so that when rendered alkaline by the addition of aqueous base it does not 
1 0 precipitate when further diluted by a factor of one in ten. 

Detailed Description 

In contrast with the teaching In the prior art the present invention allows stable 
solutions of acrolein polymers to be formed without the requirement for grinding or 
15 heating of the solid polymer in an air stream in order to oxidize the solid. This 
potentially reduces the expense and time required for preparation of these highly 
active biocides. 

The acrolein polymer is formed by polymerisation of acrolein in the presence of a 
20 base such as sodium hydroxide. Polymerisation in the presence of radical initiators 
may also be used in preparing acrolein polymers as described in some of the 
examples of US patent 5290894 but such polymers are not generally used in the 
process of the present invention. 

25 The composition is dissolved in an alcohol optionally with addition of water. 
Dissolution of the polymer may take place as a discrete step or may occur as part 
of the heating process. Generally the dissolution will occur within 15 minutes of 
heating a PEG solution of the polymer at 35 to 65°G. 

30 The heating of the polymer of acrolein in the alcohol solution is preferably folloAA/ed 
by mixing of the heated solution with aqueous base. The step of heating in the 
alcohol is important for achieving stability of the acrolein polymer in aqueous 
solutions following the mixing with aqueous base. The temperature and period of 
heating will depend on the polymer, the type of alcohol used and the extent and 
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term of stability required. Generally we have found that good results are obtained if 
the polymer of acrolein is heated for sufficient time so the when mixed with aqueous 
base to provide an alkaline solution the polymer will not precipitate. Preferably the 
polymer will not precipitate even when further diluted by a factor of one in ten (parts 
5 by volume) with water. Having regard to this type of testing a skilled person will, 
without undue experimentation, be able to determine appropriate heating 
conditions. 

Following the heating step a base is mixed with the composition preferably in the 
1 0 form of an aqueous base composition. 

The polyacrolein used in the method of the invention is formed by polymerisation of 
acrolein monomer conducted in an alkaline solution and the acrolein polymer may 
be collected as a precipitate, it will be apparent to those skilled in the art that a co- 
15 monomer, especially a water-soluble or latently water-soluble co-monomer may be 
used in step (a). Typically when a co-monomer is used it will constitute less than 
10% by weight of the total monomer composition. We prefer that the acrolein 
polymer is a homopolymer. 

20 The precipitate may, and preferably will be dissolved in the alcohol without 
oxidation of the solid by heating in air or oxygen, to form poly(2-propenal, 2- 
propenoic acid). The acrolein polymer will generally be isolated from the 
polymerisation reaction and is preferably heated in the alcohol with a solution of pH 
of no more than 7. The precipitate formed in the preferred aspect of the invention 

25 may be dissolved in the alcohol without needing to further process it. 

In the process of the invention, the acrolein homopolymer is dissolved in the 
alcohol. This process would generally involve heating the polyacrolein in the alcohol 
to a temperature in the range of from 40 to QO^'C. The preferred alcohol is a 
30 polyalkylene glycol and preferably has a molecular weight in the range of from 200 
to 20,000. More preferably the molecular weight is in the range of fronn 200 to 
10000 and most preferably from 200 to 2000. The acrolein polymer is heated in the 
alcohol to form an acetal derivative. Typically, the alcohol solution will be heated for 
a period of time in the range of from fifteen minutes to five hours with the alcohol 
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and at a temperature in the range from 50 to 90°C, more preferably from 60 to 
90°C. 

Generally, the polyacrolein formed in step (a) used in the process of the invention 
5 will have a low acid content typically of less than 1 mole of carboxyl groups per kg 
of polymer and most preferably less than 0.5 mole acid groups per kilogram of 
polymer. Despite the low content of carboxyl groups, we have found that when the 
polymer is heated in the alcohol for a sufficient time and the alkali is added, the 
alkaline solution resists precipitation when diluted with water, which would not have 
1 0 been expected for an unoxidized polymer. 

The process of the invention includes a step of adding base to the composition; the 
base is generajly added to the alcohol solution following the heating step. The pH 
of the resulting solution of is preferably in the range of from 7 to 9.5 and more 

15 preferably is from 7.5 to 8.5. The preferred base for addition to the alcohol solution 
of polyacrolein is an alkali metal carbonate particularly sodium carbonate or 
potassium carbonate. Alkaline metal hydroxide such as sodium hydroxide or 
potassium hydroxide may also be used but are less preferred. Typically the alkali is 
added as an aqueous solution. Preferably the solution is cooled to room 

20 temperature before adding the base in the above step. 

The concentration of polymer of acrolein used in the step comprising heating in that 
alcohol is generally from 0.5 to 50% by weight and more preferably from 0.5 to 40% 
by weight. In the case of polyalkylene glycols the polyol polymer content will 
25 depend on the molecular weight of the polyol polymer. For lower molecular weight 
polyol polymers the content may be as high as from 50 to 90% by weight whereas 
for higher molecular weight polyol polymers (eg. 1500 or more) dilute compositions 
of the polyol polymer (eg. 2 to 50 %) may be preferred. 

30 The acrolein polymer prepared by the method of the invention is useful in a range of 
applications, especially antimicrobial applications. The preferred applications 
include antiseptic compositions, disinfectant compositions and compositions for use 
in treatment of gastrointestinal disease. The compositions formed in accordance 
with the invention generally have a good long-term antimicrobial activity. Typically, 
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the acrolein polymers provided by the method of manufacture described above will 
provide a minimum kill concentration after storage at 40*^0 for no less than twenty 
days of less than 150 ppm against a range of bacteria, e.g. E. coli, at 10^-10^ 
cfu/mL. 

5 

The composition prepared by the method of the invention is particularly suited to 
use in administration of animals for treatment or prophylaxis of gastrointestinal 
disease, particularly gastrointestinal microbial infection. The composition prepared 
by the method of the invention may be administered to animals via drinking water, 
1 0 via food or other suitable means such as tablets, syrups and the like. 

The invention will now be described with reference to the following examples. It Is 
to be understood that the examples are provided by way of illustration of the 
invention and that they are in no way limited to the scope of the invention. 

15 

Examples 

Aqueous Solution Stability Test 

We found the following test ("herein referred to as the aqueous solution stability 
test") to be useful in determining the temperature and period of heating for providing 
20 good long term solution stability and activity. 

The heated alcohol solution of acrolein polymer was allowed to cool and mixed with 
dilute (0.4% w/w) aqueous sodium carbonate to provide an alkaline pH. If the 
resulting composition showed no sign of polymer precipitate the resulting 
25 composition was diluted with water to provide a one in ten dilution composition 
which was again examined for a precipitate at room temperature. After a sufficient 
period of heating of the acrolein polymer in the alcohol solution in accordance with 
step (c). preferably at a temperature in the range of from 60 to 105°C, the diluted 
composition was clear. 

30 

Example 1 - Preparation of Polvacrolein 

Water (720 mL at ambient temperature, about 20°C) and acrolein (60g; freshly 
distilled, plus optionally hydroquinone added to 0.25% w/w) were placed in an open 
beaker, within a fume cupboard, and very vigorously stirred, mechanically. Then, 
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0.2 M aqueous sodium hydroxide (21.4 mL) was added to bring the pH to 10.5 - 
1 1 .0. The solution immediately turned a yellow typical of the hydroquinone anion 
and within a minute, the colour had disappeared and the clear solution became 
mill<y. About 1 minute later, precipitation of a white, flocculent polymer began, and 
6 appeared complete within 15-30 minutes. The precipitate was filtered and washed 
with water. 

Example 2 

Polyacrolein (5.0 g) was added to hot PEG-200 (64.0 g, 65 C) and the mixture 
10 stined until the solid dissolved (20 min). Na2C03(aq) solution) (31 g of 1.29% w/w) 
was then added and the mixture heated at 65 C for 10 min. The mbcture was then 
allowed to cool and the sample made up with water to 100 g to give a solution 5% 
w/w in polyacroloin. The pH of the neat solution was tested with PANPEHA pH 
sticks and the pH of a 1.0 g sample, diluted with water to 10 g total mass, was 
15 tested using a pH probe. The minimum-l<ill-concentration (MKC) was tested against 
E.coli. The composition was found to have poor stability and actually deteriorated 
rapidly. 

Example 3 

20 50.1 grams of the solution from Example 2 was then heated at 90 C for 2 hours. 
The mixture was then allowed to cool and the sample made up with water to 50 g to 
give a solution 5% w/w in polyacrolein. The pH of the neat solution was tested with 
PANPEHA pH sticl<s and the pH of a 1 .0 g sample, diluted with water to 1 0 g total 
mass, was tested using a pH probe. The minimum-kill-concentration (MKC) was 

25 tested against E.coli. 

Example 4 

Polyacrolein (5.0 g) was added to hot PEG-200 (64.0 g, 65 C) and the mixture 
stirred until the solid dissolved (5 min). Water (25.0 g) was then added and the 
30 mixture heated at 105 C for 2 hours. The mixture was then allowed to cool and the 
sample made up with water (a portion of which contained NaaCOs (0.40 g)) to 100 g 
to give a solution 5% w/w in polyacrolein. The pH of the neat solution was tested 
with PANPEHA pH sticks and the pH of a 1.0 g sample, diluted with water to 10 g 
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total mass, was tested using a pH probe. The minimum-kill-concentration (MKC) 
was tested against E.colL 

Example 5 

5 Polyacrolein (5.0 g) was added to liot PEG-200 (64.0 g, 65 C) and the mixture 
stirred until the solid dissolved (10 min). Water (26.0 g) was then added and the 
mixture heated at 90 C for 2 hours. The mixture was then allowed to cool and the 
sample made up with water (a portion of which contained NaaCOa (0.40 g)) to 100 g 
to give a solution 5% w/w in polyacrolein. The pH of the neat solution was tested 
10 with PANPEHA pH sticks and the pH of a 1.0 g sample, diluted with water to 10 g 
total mass, was tested using a pH probe. The minimum-kill-concentratlon (MKC) 
was tested against E.co//. 

Example 6 

15 Polyacrolein (5.0 g) was added to hot PEG-200 (64.1 g, 65 C) and the mixture 
stirred until the solid dissolved (5 min). Water (24.6 g) was then added and the 
mixture heated at 105 C for 4 hours. The mixture was then allowed to cool and the 
sample made up with water (a portion of which contained NaaCOs (0.40 g)) to 10O g 
to give a solution 5% w/w in polyacrolein. The pH of the neat solution was tested 

20 with PANPEHA pH sticks and the pH of a 1.0 g sample, diluted with water to 10 g . 
total mass, was tested using a pH probe. The minimum-kill-concentration (MKC) 
was tested against E.colL 

Example 7 

25 Polyacrolein (1.0 g) was added to hot PEG-200 (12.8 g, 65 C) and the mixture 
stirred until the solid dissolved (5 min). Water (5.2 g) was then added and the 
mixture heated at 90 C for 0.5 hours then at 105 C for 2 hours. The mixture was 
then allowed to cool and the sample made up with water (a portion of which 
contained NaaCOa (0.04 g)) to 20 g to give a solution 5% w/w in polyacrolein. The 

30 pH of the neat solution was tested with PANPEHA pH sticks and the pH of a 1 g 
sample, diluted with water to 10 g total mass, was tested using a pH probe. The 
minimum-kill-concentration (MKC) was tested against E.coli. 

Example 8 
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Polyacroleln (5.0 g) was added to hot PEG-200 (64.0 g, 65 C) and the mixture 
stirred until the solid dissolved (10 min). Water (20.0 g) was then added and the 
mixture heated at 90 C for 2 hours. The mixture was then allowed to cool and the 
sample made up with water (a portion of which contained NaaCOa (0.40 g)) to 100 g 
5 to give a solution 5% w/w in polyacroleln. The pH of the neat solution was tested 
with PANPEHA pH sticks and the pH of a 1.0 g sample, diluted with water to 10 g 
total mass, was tested using a pH probe. The minimum-kill-concentration (MKC) 
was tested against E.co//. 

10 Example 9 

Polyacroleln (5.0 g) was added to hot PEG-200 (64.0 g, 65 C) and the mixture 
stirred until the solid dissolved (10 min). Water (20.0 g) was then added and the 
mixture heated at 90 C for 2 hours. The mixture was then allowed to cool and the 
sample made up with water (a portion of which contained Na2C03 (0.40 g)) to 100 g 
15 to give a solution 5% w/w in polyacroleln. The pH of the neat solution was tested 
with PANPEHA pH sticks and the pH of a 1.0 g sample, diluted with water to 10 g 
total mass, was tested using a pH probe. The minimum-kill-concentration (MKC) 
was tested against E.co//. 

20 Example 10 

Polyacroleln (1.25g) was added to hot PEG-2000 (16.0g) at 65 C and the mixture 
stirred until the solid dissolved (5min). The mixture was heated at 105 C for two 
hours, before O.lg of NaaCOs dissolved in 7.65g of water was added to give a 
solution 5% w/w polyacroleln. The pH of the neat solution was tested with 
25 PANPEHA pH sticks and the pH of a 3.0g sample diluted with water to 30g total 
mass was tested using a pH probe. The minimum-kill-concentration (MKC) was 
tested against E.coli. 

Example 1 1 

30 Polyacroleln (I.OOg) was added to hot PEG-200 (12,81g) at 65 C and the mixture 
stirred until the solid dissolved (5min). The mixture was heated at 105 C for seven 
hours, before cooling to room temperature. Once at room temperature 0.08 1g of 
NaaCOa dissolved in 6.14g of water was added to give a solution 5% w/w 
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polyacrolein. 1.0g of the sample diluted with water to 10g total mass was tested 
using a pH probe. The minimum-kill-concentration (MKC) was tested against E.coli. 

Example 12 

Polyacrolein (5.003g) was added to hot PEG-200 (63.990g) at 65 C and 0.403g of 
sodium carbonate dissolved in 30.641 g of water was added. Tha solution was 
maintained at 65 C before the temperature was increased to 90 C and held for two 
hours. The sample was stored for 2 weeks at 40 C before the MKC was tested 
against E.coli and detennined to have a MKC of SOOppm. 

Example 13 

Polyacrolein (1 .Og) was added to hot PEG-200 (12.8g, 65 C) and the mixture stirred 
until the solid dissolved (5 min). Water (6.2g) was then added and the mixture 
heated at 90 C for 2 hours. The mixture was then allowed to cool and the sample 
made up with water to 20g to give a solution 5% wAw in polyacrolein. The pH of the 
neat solution was tested with PANPEHA pH sticks and the pH of a 1 .0 g sample, 
diluted with water to lOg total mass, was tested using a pH probe. The minimum- 
kill-concentration (MKC) was tested against E.coli. 

20 Examole 14 

Polyacrolein (5.0g) was added to hot PEG-200 (64.0g, 65 C) and the mixture stin^ed 
until the solid dissolved (10 min). The mixture was then allowed to cool and the 
sample made up with water to (a portion of which contained NaaCOs (0.04g)) to 
give 100g to give a solution 5% w/w in polyacrolein. The pH of the neat solution 
25 was tested with PANPEHA pH sticks and the pH of a 3.0g sample diluted with water 
to lOg total mass, was tested using a pH probe. The minimum-kill-concentration 
(MKC) was tested against E.coli. 

Example 15 

30 Polyacrolein (5.0g) was added to hot PEG-200 (64.1 g, 65 C) and the mixture stirred 
until the solid dissolved (10 min). The mixture was heated at 90 C for 2 hours. The 
mixture was then allowed to cool and the sample made up with water to (a portion 
of which contained NaaCOa (0.20g)) to give 100g to give a solution 5% w/w In 
polyacrolein. The pH of the neat solution was tested with PANPEHA pH sticks and 



10 
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the pH of a 1 .Og sample diluted with water to 1 0g total mass, was tested using a pH 
probe. The minimum-kill-concentration (MKC) was tested against E.cxdII. 

Example 16 

Polyacrolein (1 .Og) was added to hot PEG-200 (1 2.8g, 65 C) and the mixture stirred 
until the solid dissolved (5 min). Water (5.2g) was then added and the mixture 
heated at 90 C for 0.5 hours then at 105 C for 2 hours. The mixture was then 
allowed to cool and the sample made up with water to (a portion of which contained 
NaaCOa (0.040g)) to 20g to give a solution 5% w/w in polyacrolein. The pH of the 
neat solution was tested with PANPEHA pH sticks and the pH of a 1 .Og sample 
diluted with water to 10g total mass, was tested using a pH probe. The minimum- 
kill-concentration (MKC) was tested against E.coli 



Table 1 
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Example 2 


65 C 
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No but 
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Example 3 


65 C 
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7.0 


6.62 


62ppm 
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Example 4 


65 C 
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7.12 


31 ppm 


No 


Example 5 


65 C 


Yes 




2h@go C 


(0.4%) 


brown 


8.0 


7.11 


62 ppm 


No 


Example 6 


65 C 
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105 C 


(0.4%) 


brown 


8.0 


7.23 
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65 C 
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No 
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No 
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No 
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No 


Example 1 1 
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No 
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125 
ppm 


No 


Example 12 
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No 
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No 


Example 13 
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8.0 
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62 ppm 
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Example 14 


65 C 


No 
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2h@90 C 


(0.04%) 


Brown 


5.0 


3.37 


62 ppm 
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Example 15 


65 C 


No 




2h@90 C 


(0.2%) 


brown 


6.0 


5,27 


62 ppm 
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Example 16 


65 C 


Yes 




2h@ 
105 C 


(0.2%) 


brown 


5.0 


5.06 


125 


No 



Table 2 Stability Data for Example 5 
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MKC 
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days at 
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Examples 


62 ppm 


2 


31 ppm 


17 


Pass 


31 


62 


52 


Pass 


59 
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The Examples show that by heating the polymer in acrolein for a sufficient time at 
an elevated temperature, preferably above 65 C, the stability is significantly 
increased. 

5 The addition of aqueous base to provide a pH of at least 7 also provides a further 
significant increase in stability and/or activity is demonstrated in examples 7, 14 and 
16. 

The aqueous base is preferably added after heating in alcohol as demonstrated by 
10 comparison of Examples 8 and 12. 



